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Abstract
Nanostructured Ni/Al2O3 feedstock was prepared by chemical wrapping, spraying dry and gas protected sintering, and
nanostructured coatings were deposited subsequently by plasma spraying. XRD, SEM and TEM were used to detect the phase
and microstructure of the coatings. The great mass of <-Al2O3 was transferred into =- Al2O3 during plasma spraying process. The
Ni/Al2O3 coatings are composed of irregular fully deformed layers. The grain size of the coatings is about 100nm. There are two
states of Ni in the coatings, some of them form uniform thin layer which separate the adjacent Al2O3 phase, and the others form
sphericity particle enveloped in Al2O3.
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1. Introduction
More and more research works were focused on the nanostructured material because of its special properties.
Thermal spraying is one of the efficient methods to prepare nanostructured material. Ceramic/metal material has
some excellent properties of ductility, thermal conductivity, heat resistance and so on. Nickel based alloy is usually
used to prepare metal/ceramic materials.
The thermal spraying technology is one of the most important methods to prepare metal /ceramic material. The
traditional Ni-Al2O3 feedstock prepared through mechanical mixing method with alumina and nickel-based alloy,
this will lead to the uneven distribution of the coating. In this paper, nanoscaled Al2O3 particles were wrapped up by
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Ni firstly, and then nanostructured feedstock for thermal spraying was fabricated. Thus process not only improve the
liquidity of the feedstock, but also benefits the dispersion of hard phase(Chen and Chen, 2006).
2. Material and method
2.1. Preparation process of the feedstock
<-Al2O3 powder with mean diameter of 80nm was used as raw material, and nanostructured Ni/Al2O3 feedstock
was fabricated as the follow three steps: firstly, Ni was deposited on the surface of nanoscale powder via chemical
plating. Secondly, micro-scale agglomeration was fabricated through spraying-dry method. Finally, the particles
sintered with the protection of argon under the temperature of 700.
2.2. Test methods
Sulzer METCO 9MC Plasma spraying machine is used to deposit the coatings. Parameters of plasma spraying are
shown as table 1. The coating thickness is about 0.5 mm.





Flux of main gas
/ m3·h-1
Flux of aided gas
/ m3·h-1
Flux of feeding gas
/ m3·h-1
72 555 2.83 0.54 0.4
Surface morphology of the coating was observed with Quanta 200 scanning electron microscope and S-4800
Field Emission Scanning Electron Microscope. Microstructure of the coating was researched with JEM-2100
transmission electron microscope. Surface element was detected with GENESIS energy spectrum analyser. Phase
component was analysed with BRUKER D8 X-ray diffraction detector.
3. Results and analysis
3.1. Microstructure
Surface morphology of nanostructured Ni/Al2O3 coating deposited by plasma spraying is shown as figure 1. The
coating was mainly fabricated by irregular slices. Two main reasons lead to such morphology: first, the feedstocks
melt fully during spraying, which made the liquid particles more fluidity. Second, nanostructure feeds have hollow
structure and splash seriously when hit on the substrate.
Fig. 1. Surface morphology of nanostructured Ni/Al2O3 coating deposited by plasma spraying
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Cross section of the coating was shown as Fig.2. The two interfaces between the coatings and substrate behave
good bonding condition(Fig.2.a). No obvious metallurgical combination at the interface between two kinds of
coating (Fig.2.b). The nanostructured coating is mainly composed of two parts. One has light color, and the other
has dark grey color. In addition, smaller particles exist in the coating with the size of about 1 um.
Both Ni/Al2O3 and NiAl coating contain Ni, so they behave good compatibility, and which is helpful for
combination of two kinds of coating.
Fig. 2. microstructure of nanostructured Ni/Al2O3 coating (a) 800×; (b) 3000×
Fig.3. TEM picture of nanostructured Ni/Al2O3 coating
Figure 3 shows the microstructure of nanostructured Ni/Al2O3 coating observed by TEM. The coating contains
small grain with the diameter of about 100 nm, which means that the nano-scale structure exist in the coating. Ni
behaved two kinds of states in the coating, shown as Fig. 4. As the first state, Ni forms uniform thin layer which
separate the adjacent Al2O3 which can effectively prevent Al2O3 grain from growing up (Fig.4.a). The other Ni form
sphericity particle enveloped by alumina matrix(Fig.4.c).
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Fig. 4. Distribution of Ni in the coating (a) ,(c) TEM picture; (b),(d) Ni distribution
3.2. phase transformation
X-ray diffraction of the coating is shown as Fig.5. Coating mainly contains Ni, NiO and =-Al2O3. That means part
of Ni transfer into NiO and almost all <-Al2O3 transfer into =-Al2O3 at the same time during plasma spraying process.
Fig. 5. XRD spectrum of the Ni/Al2O3 coating
Combining the microstructure with the phase of the coating, a conclusion can be drawn that nanoscaled <-Al2O3
powder melt completely during plasma spraying process, and then formed metastable =-Al2O3 under high speed
cooling when deposited on the substrate.
Infiltration between Ni and <-Al2O3 influence on the formation and properties of the coating in the very great
degree. During temperature range of 1773 K to 1873 K, the temperature has not notability influence on the initial
contact Angle, which is about 115 °. Wetting behavior between multi-crystal <-Al2O3 and molten Ni is reaction
wetting, and the contact angle decline with the extension time(Xiao, Yang et al., 2006 ). Oxygen content in molten
nickel greatly affects the wettability between nickel and Al2O3 (Ogino and Taimatsu, 1979).
4. Conclusions
(1) Nanostructured Ni/Al2O3 coating deposited by plasma spraying compose of fully deformation and irregular
slices. The two interfaces between the coatings and substrate behave good bonding condition.
(2) Nano-structure formed in the coating with the grain size of about 100 nm. Ni in the coating has two kinds of
states, some of them distributed between the adjacent Al2O3 particles as a partition, the others form separate balls in
alumina matrix.
(3) Almost all <-Al2O3 transfer into =-Al2O3 during plasma spraying process.
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